
| ??ffl@ft@(g(jg;f 1 imagine that you have been asked to redesign your 
school building. You can rearrange rooms, knock down walls, and build new wings. 
The first stage in the remodeling process will probably involve drawing up a plan. 
This plan will guide how each of the new components fits together in the new 
design plan and, ultimately, how the new structures will work. The plan must be clear 
and accurate for builders to follow. 

Other sorts of plans— the play book for an athletic team, the musical score for a jazz 
group— work in much the same way. The information stored in the plan is read and 
translated into action. The information is used to construct a winning play or a reso- 
nant blend of instruments. 

Avery and Griffith's work suggested that 
DNA might also be some sort of plan. This 
plan was thought to carry information 
that, in some way, could direct the expres- 
sion of new characteristics or traits, such as 
a polysaccharide coat on Diplococcus pneu- 
moniae. Scientists did not know what this 
plan looked like or how it might work. 

in these situations, when the detailed 
workings of a biological phenomenon are 
a mystery, a researcher needs to start 
thinking creatively about the poss : bi lities. 

What could it look like and how might it work? How do other plans work? How do 
they encode information? How is that information used? In this learning experience, 
you begin by analyzing how information is deciphered and used in two sorts of 
plans— a musical score that produces a particular melody, and a blueprint that pro- 
duces a particular kind of house. These analogies are then applied to understanding 
DNA as yet another kind of plan. 




Figure 5.7 

Musical score 
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Figure 5.2b 

Blueprint of house 
floor plan, including 
plans for outlets, 
and lighting 
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^ ANALYSIS 

1. How do you go about reading music? Deciphering a floor plan? 
What do the plans mean? What information do you need to know to 
make sense of them? 

2. What information do the symbols tell you about the music? 
the house? 

3. What features remain constant within each plan? Which ones 
change? 

4. How do the symbols relate to one another? How might the order 
or the placement of the symbols affect the code? 

5. What features do the blueprint and the musical score have 
in common? 
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ACTIVITY 




Qj /iflffB@®(ff€ffg@ffln If DNA is responsible for conferring 
the characteristic of virulence on D. pneumoniae, can the next assump- 
tion be that DNA codes for all characteristics or traits of an organism? 
Does DNA itself have the characteristics necessary for such a task? How 
is it possible for the molecule to carry the information necessary? 
Researchers recognized that whatever they were looking for must have 
the capacity to carry an enor- 
mous amount of information — 
all the instructions necessary 
for determining the biochemi- 
cal activities and specific char- 
acteristics of the cell and the 
organism. 

Two researchers investi- 
gating the role of DNA were 
James Watson and Francis 
Crick. In 1953, they proposed a 
model for the structure of DNA 
which gave some clues as to 
how it might work within the 
cell. Their model-building 
process was one of trial and 
error, making adjustments as 
they learned critical pieces of 
evidence from other 
researchers. For example, 
Maurice Wilkins and Rosalind 
Franklin's work with X-ray 
crystallography gave important 
information about the spiral 
architecture of DNA called the 
"double helix." 

The building blocks of 
DNA, termed nucleotides, are 
composed of three kinds of 
molecules: (1) a group of oxy- 
gen atoms clustered around a 
phosphorus atom (known as a 
phosphate group), (2) a simple 
sugar, attached to a (3) base. 
The base may be any one of 




<f) Sugar 
(j^) Phosphate <^C^ Cytosine 




Aderine 
G ? Guanine 



Figure 5.3 

Which features remain constant in all DNA mole- 
cules? Which differ' 
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four rather similar nitrogen-containing bases: adenine (A), thymine (T), 
guanine (G), and cytosine (C). 

Erwin Chargaff discovered two key "rules" which helped in figur- 
ing out how the four nucleotides were put together. Chargaff found that 
in the DNA of any organism examined, the number of adenine bases 
was always equal to the number of thymine bases, and the number of 
guanine bases was equal to the number of cytosine bases. This informa- 
tion suggested that adenine and thymine, and guanine and cytosine, 
might link to each other and travel in pairs. The second "rule" that 
Chargaff found was that the amount of adenine- and thymine-bases, as 
compared with cytosine- and guanine- nucleotides, varied considerably 
from species to species. 

Many researchers at that time felt that the six molecules (the four 
bases and the sugar and phosphate groups) in DNA were too few to fit 
the task. Proteins were already known to play a central role in the vital 
processes of all living organisms. To many scientists, DNA could not be 
the hereditary "master" molecule. How could DNA carry all instructions 
for life with only four kinds of variable subunits? 

In this activity, you will be constructing a paper model of the 
DNA structure Watson and Crick proposed in 1953. As you piece the 
molecule together, keep in mind this question: How might this molecule 
encode all the information necessary for determining the biochemical 
activities and specific characteristics of all organisms? 

D> BV3ATEIR1ALS WEEDED 

For each group of four students: 

• 1 large envelope containing copies of the following model 
pieces to cut out: 

- 10 of each of four bases 

- 20 phosphates 

- 20 sugars 

• 4 small envelopes 

• 2 paper strips (1 cm x 30 cm) 

• masking tape (or drafting or other removable tape) 

• white glue 

• 4 scissors 



► PROCEDURE 

1. Place your group's cutouts into four separate piles — one pile for the 
sugar molecules, one pile for the phosphate groups, combine the 
adenine and thymine bases into a third pile, and combine the cyto- 
sine and guanine bases into a fourth pile. NOTE: Each molecule 
has a right and left version. 
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NOTE: When constructing the 
model, make sure the text on 
each molecule is facing up and 
can be read. 




Remove one phosphate group from its pile to attach to the bonded 
sugar molecule. Glue the tabs. 

Locate the appropriate matching (complementary) base from pile 
three or four to attach to the model. Attach the two bases by taping 
the "hydrogen bond" tabs together. (There are two bonds between 
Adenine and Thymine, and three bonds between Cytosine and 
Guanine). 
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2. GTflP/L Why are you combining the adenines and thymines? 
nrrrrn The cytosines and guanines? 

| 3. Remove five bases from pile three and five bases from pile four and 

scramble to make a random order. Place them in a line on the left 
j side of your lab table. 

I 4. Remove one sugar molecule from the sugar pile to attach to one of 
the bases. Glue the tab on the sugar (as a bond) to the lower corner 

j of the base. (Look for the letter S at the corner of the base.) (See 
Figure 5.4.) 



Figure 5.4 

DNA model constructed with 
paper sides. 




7- Gft(\0 X. "* eac * * e Analysis questions that follow this 
■ j 1 1 n ■ 1 1 procedure and discuss them with your group as 
you construct your model. 

8. Repeat steps 3-6 for each of the bases lined up on the left side of 
your table, making ten complete sets of base pairs. 

9. Complete the model by gluing the model to the two paper strips 
(see Figure 5.4). 



► ANALYSIS 

As you and your group construct the model, discuss your responses to 
the following questions: 

1. Describe the basic features of a DNA molecule. What information 
do the letter symbols give you? 

2. What features of the DNA molecule remain constant in various 
organisms? What features differ? 

3. How do the nucleotides connect to one another? How might the 
order or the placement of bases affect the code? 



Write responses to the following questions in your notebook: 

4. Write the sequence of bases for the DNA strand you constructed. 

5. If 27% of the bases in a certain segment of DNA were adenine, 
what would be the percentages of thymine, cytosine, and guanine? 

6. If DNA determines the characteristics of pneumococci, it seems 
possible that DNA could determine the traits of all living things. 
This means that DNA must be able to carry an enormous amount of 
information. How can a molecule composed of only four different 
kinds of subunits carry large amounts of diverse information? 

7. How might DNA differ among different organisms; for example, 
how do you think mouse DNA or bacterial DNA differ from 
human DNA? 



Writing the Book of Life 

When Watson and Crick announced their model of the double helix in 
1953, they described an extraordinary instruction "book" packed inside 
the nuclei of all our cells. Written in a language of few letters (four 
nucleotides), DNA contains all the information needed for the mainte- 
nance and perpetuation of life. 
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What roles were played by each of the component pieces— the 
sugars, the phosphates, and the bases— was the critical question Watson 
and Crick faced as they created and revised their DNA model. They 
knew they needed a pattern that could be written in thousands of varia- 
tions. Yet a choice of only three pieces (sugar, phosphate, and base) did 
not initially seem to provide many options. 

In the following excerpt, Crick (1954) describes his analysis of this 
elegant molecule: 
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The following figures illustrate several important ideas about the 
structure of DNA that Crick suggested in his article. 




S7esaiption of the DNA chain sounded much like a long chain made of links. This chain was 
formed by the sugar-phosphate backbone. From each of these links, bases were suspended. Each 
link with its base constituted a nucleotide subunit. 
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Figure 5.7 

The model proposed by 
Watson and Crick suggests 
how DNA might produce an 
exact copy of itself. 



Figure 5.6 

The relationship between the 
purines (adenine and guanine) 
and the pyrimidines (thymine 
and cytosine). Adenine always 
pairs with thymine; guanine 
always pairs with cytosine. 
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DNA consists of two chains. 




Each chain builds a new complement of itself 
by pairing bases. 





DNA chairs unwind and separa e. 




When process is complete, there are two 
pairs of chains exactly alike. 
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Although Watson and Crick's model provided a giant leap in our 
understanding, a big question remained: How can a set of characters 
embedded in DNA actually determine what our bodies do? What could 
something like AGTCAT mean? 

DNHflSflCoDED Plan 

U (S V'tt (?) :'») (!) (g Tfij @ !k : j You began this learning experience 
with the questions: For what functions does your DNA plan? How might 
a DNA plan work? 

When Watson and Crick published their model, they suggested that 
the sequence of the bases in DNA might act as a code. Although they 
were not sure at that time what DNA coded for, they thought it was 
intriguing that the structures of DNA and proteins were based on the 
same general plan. This plan included a regular, repeating backbone. 
The plan's variation came from the sequence of the bases of the 
nucleotides or the sidegroups of the amino acids. 

With this new knowledge, protein and DNA researchers thought 
back to Griffith's transformation experiment. The protein researchers 
had argued that making a polysaccharide coat required enzymes to put 
the right building blocks together in the right arrangement. They 
believed that nothing in the cell could be built without the enzymes 
directing and facilitating the construction work. If a polysaccharide coat 
were built, proteins must be involved. The DNA researchers stood 
behind Avery's evidence that DNA was the transforming material. 

When DNA and proteins were found to have such similar chemical 
arrangements, these two fields of research came together. Watson and 
Crick suggested that the four bases of the DNA might code for the 20 
amino acids that make up the proteins of cells. In this light, the change in 
characteristics of the pneumococci did require the work of proteins. But it 
was the plan of the DNA that determined the protein would be made. The 
plan carried the information that directed which protein would be pro- 
duced. That protein set to work to make the polysaccharide coat. 

How exactly could this happen? How do the symbols of DNA con- 
tain the information for proteins? Crick suggested that the base symbols of 
DNA could be analogous to the dots and dashes of the Morse code. The 
Morse code uses only two symbols to represent all 26 letters, ten numbers, 
and a few punctuation marks. Placed in combinations of one to six sym- 
bols long for each letter or number, a set of symbols can make words and 
phrases. In turn, an infinite number of messages can be created. 
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^ TASK 

Write responses to the following in your notebook: 

1. Try writing your name in code, using the symbol system Morse 
set up. 

2. Working in pairs, write a short sentence to your partner. When 
you are finished, swap sentences and try to decode your partner's 

message. 

3. What similarities are there between Morse code and DNA? How 
might this apply to the way DNA and proteins work? In a short 
essay, explain what you know so far about the molecular languages 
of DNA and proteins. The following questions might help you to get 
started: 

a. Describe the makeup of these languages. 

b. How does one "speak" and make sense in each of these 
languages? 

c. How might the DNA alphabet be translated into the protein 
alphabet? 

d. How might DNA determine what a cell does? 

4. Construct a concept map for DNA. Include the following terms: 
transforming factor, information, nucleotides, sugar, phosphate 
group, base pairs, building blocks, adenine, thymine, guanine, cyto- 
sine. Use additional terms as you need them. 
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